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SEMICONDUCTOR DEVICE AND CONTROL 
METHOD THEREFOR 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This is a continuation of International Application No. 
PCT/JP2005/002891, ?led Feb. 23, 2005 Which Was not pub 
lished in English under PCT Article 21 (2). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention generally relates to a semiconductor device 

and to a control method for a semiconductor device. 
2. Description of the Related Art 
In recent years, applications of non-volatile semiconductor 

memories such as ?ash memories or the like have remarkably 
expanded. Flash memories are knoWn Which employ a cell 
array architecture such as NOR type ?ash memories, NAND 
type ?ash memories, AND type ?ash memories, and the like. 
One of the characteristic aspects of ?ash memories is an erase 
operation Which operates on a sector basis. Various proposals 
have been made for the sector arrangement. For example, it is 
Well knoWn that sectors are located in a matrix, the sectors 
laterally connected by a global Word line and vertically con 
nected by a vertical Word line. Each sector includes multiple 
local Word lines selectively connected via the global Word 
line and the vertical Word line. 

FIG. 1 is a vieW shoWing the main circuit components to be 
used When a high voltage is applied to a local Word line 
decoder (Word line driver) in a conventional ?ash memory as 
disclosed in US. Pat. No. 6,646,950 (“Patent Document 1”). 
As shoWn in FIG. 1, a ?ash memory 1 includes a high voltage 
generating circuit 2, sWitch circuits 3 provided for respective 
banks, a high voltage output circuit (vpxv) 4, high voltage 
output circuits (gvpx) 5 provided for respective sectors, glo 
bal Word line decoders (xdec) 6, a vertical Word line decoder 
(vxdec) 7, and local Word line decoders (xdec_sub) 8. The 
local Word line decoders (xdec_sub) 8 drive the Word line by 
using a bootstrap as disclosed in more detail beloW. The high 
voltage generating circuit 2 generates the Word line voltage 
(RVPXG) and the Word line driving voltage (GVPXG). 

FIG. 2 is a circuit diagram shoWing the structure of a local 
Word line decoder (xdec_sub) 8 as disclosed in Patent Docu 
ment 1. As shoWn in FIG. 2, the local Word line decoder 
(xdec_sub) 8 is composed of n-channel transistors M1, M2, 
and M3. The transistor M1 is a pull-up transistor, and the 
transistor M2 is a pull-doWn transistor. 
A vertical Word line VWL is selectively connected to a 

local Word line P2WL(n) via the transistor M1. The gate of the 
transistor M1 is controlled by a global Word line GWLN via 
the transistor M3. The high voltage generating circuit 2 is 
employed as a single voltage source, and the Word line volt 
age applied to the vertical Word line VWL and the Word line 
driving voltage applied to the global Word line GWLN have 
the same potential levels. The local Word line P2WL and the 
vertical Word line VWL are con?gured to have the same 
potentials by coupling a node BST (Bootstrap) and the verti 
cal Word line VWL and pulling up to a higher level. 

The folloWing problems arise, hoWever, When the local 
Word line decoder (xdec_sub) 8 is driven by only a single 
voltage source as described above. Firstly, as the ?ash memo 
ries are further doWnsiZed, there is a demand for doWnsiZing 
the above-mentioned transistors included in the local Word 
line decoder as much as possible. Such demand reduces a 
capacitance CB betWeen the node BST and the vertical Word 
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2 
line VWL, making the Bootstrap hard to adequately operate 
in that a suf?cient gate voltage is not available for the gate 
voltage of the transistor M1. 

Secondly, While the Word line is being driven for a long 
period, the node BST is discharged by the leakage from the 
transistor M3 that cramps the node BST, thereby reducing the 
voltage in the node BST. Accordingly, a su?icient voltage is 
not available for a gate voltage of the transistor M1 resulting 
in a voltage drop in the Word line. Thirdly, as the ?ash memo 
ries are further doWnsiZed, the channel length of the transistor 
is also shortened. The leakage from the transistor M3 
becomes greater and poses a problem, even if the Word line is 
driven for a short period. The above-described problems cre 
ate limitations in doWnsiZing the transistor included in the 
Word line driver. 

SUMMARY OF THE INVENTION 

The present invention has been made is vieW of the above 
circumstances and has an object of providing a semiconduc 
tor device and the control method for such semiconductor so 
that a transistor included in the Word line driver can be doWn 
siZed. 
To address the above-mentioned problems, in accordance 

With an aspect of the present invention, preferably, there is 
provided a semiconductor device including a ?rst decoder 
including a pull-up transistor selecting and driving a Word 
line connected to memory cells, a ?rst voltage generating 
circuit generating a ?rst voltage applied to a source terminal 
of the pull-up transistor, and a second voltage generating 
circuit generating a second voltage that is applied to a gate 
terminal of the pull-up transistor, the second voltage being 
higher than the ?rst voltage. Thus, in accordance With the 
present invention, it is possible to apply the second voltage to 
the gate terminal of the pull-up transistor, the second voltage 
being higher than the ?rst voltage to be applied to the source 
terminal of the pull-up transistor. Accordingly, even if a 
capacitance CB betWeen the nose BST and theVWL becomes 
smaller due to doWnsiZing and the bootstrap is not Working 
adequately, a su?icient voltage is available for the gate volt 
age of the pull-up transistor. This alloWs the transistor 
included in the Word line driver to be doWnsiZed. 
The above-mentioned semiconductor device may further 

include sectors including the memory cells, a vertical Word 
line connecting the sectors in a vertical direction and carrying 
the ?rst voltage to the source terminal of the pull-up transis 
tor, a global Word line connecting the sectors in a lateral 
direction and carrying the second voltage to the gate terminal 
of the pull-up transistor, a second decoder selecting and driv 
ing the global Word line, and a third decoder selecting and 
driving the vertical Word line. 

In accordance With another aspect of the present invention, 
preferably, there is provided a method of controlling a semi 
conductor device including the steps of generating, by a ?rst 
voltage generating circuit, a ?rst voltage applied to a source 
terminal of a pull-up transistor selecting and driving a Word 
line connected to memory cells and generating, by a second 
voltage generating circuit, a second voltage that is applied to 
a gate terminal of the pull-up transistor and is higher than the 
?rst voltage. In accordance With a method of the present 
invention, it is thus possible to apply the second voltage to the 
gate terminal of the pull-up transistor, the second voltage 
being higher than the ?rst voltage to be applied to the source 
terminal of the pull-up transistor. Accordingly, even if a 
capacitance CB betWeen the nose BST and theVWL becomes 
smaller due to doWnsiZing and the bootstrap is not Working 
adequately, a su?icient voltage is available for the gate volt 
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age of the pull-up transistor. This allows the transistor 
included in the word line driver to be downsiZed. 

Therefore, in accordance with the present invention, it is 
possible to provide a semiconductor device and a control 
method therefor, in which a transistor included in the word 
line driver can be downsiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will hereinafter be described in con 
junction with the following drawing ?gures, wherein like 
numerals denote like elements, and 

FIG. 1 is a view showing main circuit components to be 
used when a high voltage is applied to a local word line 
decoder in a conventional ?ash memory; 

FIG. 2 is a circuit diagram showing a conventional local 
word line decoder; 

FIG. 3 is a block diagram showing a con?guration of a ?ash 
memory, which is an example of a non-volatile semiconduc 
tor memory in accordance with an embodiment of the present 
invention; 

FIG. 4 is a circuit diagram of a local word line decoder of 
the ?ah memory of FIG. 3 in accordance with the embodi 
ment of the present invention; 

FIG. 5 is a circuit diagram of a switch circuit of the ?ah 
memory of FIG. 3 in accordance with the embodiment of the 
present invention; 

FIG. 6 is a view illustrating a high voltage generating 
circuit of a conventional ?ash memory; 

FIG. 7 is a view illustrating a high voltage generating 
circuit of the ?ash memory of FIG. 3 in accordance with an 
embodiment of the present invention; 

FIG. 8 is a timing chart during programming in accordance 
with a conventional ?ash memory programming technique; 

FIG. 9 is a timing chart during programming after two 
voltage sources are provided in accordance with the embodi 
ment of the present invention; 

FIG. 10 is a timing chart during reading after two voltage 
sources are provided in accordance with the embodiment of 
the present invention; 

FIG. 11A and FIG. 11B are timing charts of a switch circuit 
in accordance with the embodiment of the present invention; 
and 

FIG. 12 is a block diagram showing a con?guration of the 
?ash memory, which is a semiconductor device in accordance 
with an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A description will now be given, with reference to the 
accompanying drawings, of embodiments of the present 
invention. FIG. 3 is a block diagram showing a con?guration 
of a ?ash memory, which is an example of a non-volatile 
semiconductor memory in accordance with an embodiment 
of the present invention. Referring to FIG. 3, a ?ash memory 
101 includes a ?rst high voltage generating circuit 102, 
switch circuits 103, a vertical word line decoder (vxdec: a 
third decoder) 104, a second high voltage generating circuit 
105, switch circuits 106, high voltage output circuits (gvpx) 
107, global word line decoders (xdec: a second decoder) 108, 
and local word line decoders (xdec_sub: a ?rst decoder) 109. 
A signal RVPXG becomes high during reading, a signal 
GVPXG becomes high during writing, a signal RVPXV 
becomes high during reading, a signal GVPXV becomes high 
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4 
during writing, and a signal VPXV_Gq supplies the voltage 
level to be applied to the selected global word line GWL 
during reading. 

Multiple sectors are provided in a row direction and in a 
column direction. Each sector includes multiple non-volatile 
memory cells. The local word line decoder (xdec_sub) 109 
includes a pull-up transistor and a pull-down transistor that 
selectively drive the local word line connected to a memory 
cell (not shown). The vertical word line VWL is a signal line 
that connects multiple sectors in a vertical direction and sup 
plies a ?rst voltage to a source terminal (voltage source ter 
minal) of the pull-up transistor. The global word line GWL is 
a signal line that connects multiple sectors in a lateral direc 
tion and supplies a second voltage, which is higher than the 
?rst voltage, to a gate terminal of the pull-up transistor. 
The ?rst high voltage generating circuit 102 is provided for 

generating the ?rst voltage to be applied to the source termi 
nal of the pull-up transistor. The ?rst high voltage generating 
circuit 102 includes a ?rst booster 21 and a ?rst pump 52. The 
?rst booster 21 internally includes a capacitor, and boosts the 
capacitor to generate the high voltage RVPXV (for example, 
4.5 V) to be used during reading. The ?rst pump 52 is com 
posed of, for example, a charge pump having diodes, and 
generates the high voltage GVPXG (for example, 9 V) to be 
used during writing. 
The switch circuit 103 selectively connects the ?rst booster 

21 and the ?rst pump 52 to the vertical word line decoder 104 
via a signal line VPXVq. The vertical word line decoder 
(vxdec) 1 04 selectively drives the vertical word line VWL and 
supplies the ?rst voltage generated by the ?rst high voltage 
generating circuit 102 to the source terminal of the pull-up 
transistor in the local word line decoder (xdec_sub) 109. 
The second high voltage generating circuit 105 generates 

the second voltages RVPXG and GVPPI, which are higher 
than the ?rst voltage, to be applied to the gate terminal of the 
pull-up transistor in the local word line decoder (xdec_sub) 
109. In other words, the voltage level of the second high 
voltage generating circuit 105 is greater than that of the ?rst 
high voltage generating circuit 102. The second high voltage 
generating circuit 105 includes a second booster 51 and a 
second pump 22. The second booster 51 internally includes a 
capacitor and boosts the capacitor during reading to generate 
the high voltage RVPXG (for example, 6 V) for reading. The 
second pump 22 is composed of, for example, a charge pump 
having diodes, and generates the high voltage GVPPI (for 
example, 10 V) to be used during writing. 
The switch circuit 106 selectively connects the second 

booster 51 and the second pump 22 to the high voltage output 
circuit 107 via a signal line VPXGq. The high voltage output 
circuit (gvpx) 107 outputs a programming/reading voltage 
VPXq to the global word line decoder (xdec) 108. The global 
word line decoder (xdec) 108 selectively drives the global 
word line GWL to control the gate of the pull-up transistor 
included in the local word line decoder (xdec_sub) 109. 
The local word line decoder (xdec_sub) 109, as will be 

described later in detail, is selectively connected to the verti 
cal word line VWL, and the high voltage VPXVq to be sup 
plied via the word line VWL or a ground voltage Vss is 
supplied to corresponding local word lines. Thus, in accor 
dance with the present invention, the ?rst high voltage gen 
erating circuit 102 and the second high voltage generating 
circuit 105 may be realiZed by using two different voltage 
levels in a same booster circuit. 

FIG. 4 is a circuit diagram of the local word line decoder 
(xdec_sub) 109. As shown in FIG. 4, the local word line 
decoder (xdec_sub) 109 is composed of n-channel transistors 
M1, M2, and M3. The transistor M1 is a pull-up transistor and 
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the transistor M2 is a pull-doWn transistor. The vertical Word 
line VWL is connected to the source terminal of the transistor 
M1, and is selectively connected to the local Word line P2WL 
(n). The gate of the transistor M1 is controlled by the global 
Word line GWLN via the transistor M3. The gate of the 
transistor M3 is connected by the high voltage supply line 
VPXGq extending from the second high voltage generating 
circuit 105. The gate of the transistor M2 is controlled by a 
global Word line GWLB. 

FIG. 5 is a circuit diagram of the sWitch circuit 103. The 
sWitch circuit 103 includes p-channel transistors 131 and 132 
and an n-channel transistor 133. The source terminal of the 
transistor 131 is connected to GVPXG, and the gate terminal 
is controlled by an enable signal EN. The source terminal of 
the transistor 133 is connected to RVPXV, and the drain 
terminal thereof and the drain terminal of the transistor 132 
are connected to VPXVq. The gates of the transistors 132 and 
133 are controlled by VPXV_Gq. The sWitch circuit 103 
selectively changes betWeen the voltage GVPXG during Writ 
ing and the voltage RVPXV during reading, on the basis of 
EN and VPXV_Gq, Which become given voltage values in 
accordance With the operation mode. In addition, the sWitch 
circuit 106 may have the same con?guration as the sWitch 
circuit 103. 

FIG. 6 is a vieW illustrating the high voltage generating 
circuit of a conventional ?ash memory, as depicted in FIG. 1. 
The high voltage generating circuit in the conventional ?ash 
memory of FIG. 1 includes a ?rst pump A and a second pump 
B. The ?rst pump A corresponds to the high voltage generat 
ing circuit 2 shoWn in FIG. 1 . Also, the sWitch circuit 3 and the 
high voltage output circuit (vpxv) 4 have the same con?gu 
ration as those shoWn in FIG. 1. The ?rst pump A generates 
the voltage GVPXG for the vertical Word line and drives the 
gates of the transistor M1 and the transistor M3 (FIG. 2) in the 
local Word line decoder (xdec_sub) 8. Also, the second pump 
B generates the gate voltage VPPI to drive the gate (Y pass 
gate) of a select transistor provided on the drain side of the 
memory cell, driving theY pass gate via a vppi sWitch 11. The 
voltage values shoWn in the draWing are examples during the 
time of Writing. 

in accordance With the present invention, the folloWing 
con?guration is provided to supply tWo different voltage 
sources to the vertical Word line VWL and the global Word 
line GWL, so that the local Word line decoder (xdec_sub) can 
be doWnsiZed. FIG. 7 is a vieW illustrating the high voltage 
generating circuit included in a ?ash memory in accordance 
With an embodiment of the present invention, as depicted in 
FIG. 3. The ?ash memory 101 includes a global circuit and a 
bank local circuit, as shoWn in FIG. 7. The high voltage 
generating circuit, also shoWn in FIG. 3, includes the second 
pump 22 and the ?rst pump 52. The second pump 22 boosts 
the poWer supply voltage VCC to generate the voltage GVPPI 
(for example, 10 V), supplying a gate voltage VPPIq to theY 
pass gate provided on the drain side of the memory cell via the 
vppi sWitch circuit 11 and further supplying the Word line 
driving voltage VPXGq (for example, 10 V) to the gate of the 
transistor M1 and that of the transistor M3 included in the 
local Word line decoder 109 via the sWitch circuit 103. 

The ?rst pump 52 boosts the poWer supply voltage VCC to 
generate a voltage GVPXVq (for example, 8.5 V) and sup 
plies the Word line voltage VPXVq to the source terminal of 
the transistor M1 included in the local Word line decoder 
(xdec_sub) 109 via the sWitch circuit 106. In this manner, 
With the circuit that generates the high voltage for driving the 
Y pass gate, it is possible to generate the voltage that drives 
the Y pass gate and the voltage to be applied to the gate 
terminal of the pull-up transistor M1 included in the local 
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6 
Word line decoder 109, enabling the high voltage generating 
circuit to be commonly used and, thereby, enabling the circuit 
to be doWnsiZed. Accordingly, a description has been given of 
an example of using the pump circuit that generate the driving 
voltage of the Y pass gate, Which has conventionally been 
provided in the ?rst pump 52; yet, another pump may be 
provided. The voltage values shoWn in the draWing are 
examples. 

FIG. 8 is a timing chart during programming in a ?ash 
memory in accordance With a conventional programming 
technique. FIG. 9 is a timing chart during programming after 
tWo voltage sources are provided in the ?ash memory in 
accordance With the present invention. During the program 
ming operation, a high voltage such as 8.5 V is applied to the 
Word line. For this reason, as shoWn in FIGS. 1, 2, 6, and 8, in 
the conventional ?ash memory 1, the Word line driving volt 
age VPXGq must ?rst be boosted to prevent a drop from the 
threshold voltage of the pull-up transistor M1 included in the 
local Word line decoder (xdec_sub) 8. Then, after it is con 
?rmed that the voltage is su?iciently boosted, the voltage is 
supplied to the vertical Word line VWL through the VPXVq to 
operate the bootstrap. The Word line is driven by only a single 
voltage source generated in the ?rst pump A. 

Referring noW to FIGS. 7 and 9, hoWever, in the ?ash 
memory 101 in accordance With the present invention, the 
?rst pump 52 generates the Word line voltage VPXVq and the 
second pump 22 generates the Word line driving voltage 
VPXGq, Which is higher than the Word line voltage VXPVq. 
The voltages are applied to the local Word line decoder (xdec_ 
sub) 109 from the tWo voltage sources. This makes it possible 
to obtain the voltage to drive the transistor M1 Without adjust 
ing an input timing betWeen the Word line voltage VPXVq 
and the Word line driving voltage VPXGq, as shoWn in FIG. 9, 
enabling the number of circuit elements to be reduced. In this 
manner, the second high voltage generating circuit 105 is 
capable of generating the second voltage at a same timing as 
that the ?rst high voltage generating circuit 102 generates the 
?rst voltage. This eliminates the necessity of Waiting for the 
Word line driving voltage VPXGq to be boosted, reducing the 
Whole operation period including the period for boosting the 
Word line. 

In addition, even if the ?ash memory is further doWnsiZed 
and the load capacitance CB of the node BST becomes small, 
it is possible to appropriately supply the Word line voltage, 
because a voltage su?iciently higher than that applied to the 
vertical Word line VWL is applied to the global Word line 
GWL. Furthermore, the leakage from the transistor M3 does 
not loWer the voltage of the node BST and, accordingly, it is 
possible to drive the Word line for a long period. 

FIG. 10 is a timing chart during reading With tWo voltage 
sources provided in the ?ash memory in accordance With the 
present invention. With an address change detection signal 
ATD, the ?rst booster 21 and the second booster 51 are reset 
and the decode setting is implemented. When the address 
change detection signal ATD becomes LoW, a boost signal 
KICK, Which is a signal shoWing a boost start, becomes High 
and the ?rst booster 21 and the second booster 51 start boost 
ing. The high voltage VPXGq is boosted to 6 V, for example, 
by the second booster 51, and is applied to the gate terminal of 
the pull-up transistor M1 to supply poWer to the node BST. 
The high voltage VPXVq is boosted to 4.5 V, for example, by 
the ?rst booster 21 and is applied to the source terminal of the 
pull-up transistor M1 When a signal VRST, connecting the 
high voltage supply line VPXVq and the vertical Word line 
VWL, becomes LoW. The node BST becomes a higher level 
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by being coupled With the vertical Word line VWL, making 
the vertical Word line VWL equal to the level of the local Word 
line P2WL. 

FIGS. 11A and 11B are timing charts showing the opera 
tion of the sWitch circuit 103 in accordance With the present 
invention. FIG. 11A shoWs a sWitching operation in a selected 
bank during reading. FIG. 11B shoWs the sWitching operation 
in the selected bank during Writing. Referring to FIG. 11A, 
When the boost signal KICK shoWing the boost start becomes 
High during reading, by voltage supplied from the second 
booster 51, the high voltage supply line VPXV_Gq and the 
enable signal EN have a high voltage (for example, 6 V), and 
by voltage supplied from the ?rst booster 21, a high voltage 
supply line RVPXV has a high voltage (for example, 4.5 V). 
Transistors 131 and 132 are turned off and the transistor 133 
is turned on, making the voltage RVPXV equal to VPXVq 
(here, VPXV_Gq>RVPXV). 
As shoWn in FIG. 11B, during Writing, When a signal of 

PGM_mode becomes High, the second pump 22 generates 
the high voltage VPXGq (for example, 10 V), and the ?rst 
pump 52 generates the high voltage GVPXG (for example, 8 
V). The enable signal EN and VPXV_Gq become VSS, the 
transistors 131 and 132 are turned on, and the transistor 133 is 
turned off, thereby applying high voltage to the high voltage 
supply line VPXVq. 

FIG. 12 is a block diagram shoWing the con?guration of the 
?ash memory, a semiconductor device in accordance With an 
embodiment of the present invention. The ?ash memory 
includes a control circuit 520, a voltage generating circuit 
522, a timer 524, an address latch 526, aY decoder 528, an X 
decoder 530, aY gate 532, a cell matrix 534, a chip enable/ 
output enable circuit 536, a data latch 538, and an input/ 
output buffer 540. The control circuit 520 internally includes 
a command register, operates in synchronization With a chip 
enable signal CE or a Write enable signal WE externally 
supplied, and generates and outputs a timing signal in accor 
dance With the command externally supplied via the input/ 
output buffer 540. The high voltage generating circuit 522 
corresponds to the ?rst high voltage generating circuit 102 
and the second high voltage generating circuit 105 in FIG. 3. 

The timer 524 generates clock and timing signals to be used 
internally. The address latch 526 latches the address received 
externally and supplies the address to theY decoder 528 and 
the X decoder 530. The X decoder 530 corresponds to the 
vertical Word line decoder (vxdec) 104, the global Word line 
decoder (xdec) 108, and the local Word line decoder (vdec_ 
sub) 109. The chip enable/output enable circuit 536 receives 
the chip enable signal CE to activate theY decoder 528 and 
receives the output enable signal OE to activate the input/ 
output buffer 540. 

Data read out of the cell matrix 534 is externally output via 
theY gate 532, the data latch 538, and the input/ output buffer 
540. The data received externally is Written into a selected 
memory cell in the cell matrix 534 via the input/output buffer 
540, the data latch 538, and theY gate 532. 

In accordance With the ?ash memory 101, tWo voltage 
sources are used for driving the Word line driver. This makes 
it possible to apply a su?icient voltage as a gate voltage of the 
transistor M1 even if the ?ash memory is further doWnsiZed. 
In addition, during driving the Word line, the transistor M3 
that clamps the node BST is prevented from leaking, thereby 
preventing the node BST from discharging or leading to a 
voltage drop. Thus, a su?icient voltage is thereby available 
for the gate voltage of the transistor M1. In addition, even if 
the ?ash memory is further doWnsiZed, the transistor M3 is 
prevented from leaking, therby preventing leakage problems 
in driving the Word line even for a short period. 
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8 
The semiconductor device may be individually packaged, 

such as a ?ash memory, or may be incorporated into a semi 
conductor device as one part thereof, such as a system LSI. 

Although a feW preferred embodiments of the present 
invention have been shoWn and described, it is appreciated by 
those skilled in the art that changes may be made in these 
embodiments Without departing from the principles and spirit 
of the invention, the scope of Which is de?ned in the claims 
and their equivalents. 

What is claimed is: 
1. A nonvolatile semiconductor memory device compris 

ing: 
a plurality of non-volatile memory cells divided into sec 

tors; 
a ?rst decoder including a pull-up transistor for selecting 

and driving a Word line connected to the plurality of 
non-volatile memory cells; 

a ?rst voltage generating circuit generating a ?rst voltage 
applied to a source terminal of the pull-up transistor; 

a vertical Word line connecting the sectors in a vertical 
direction and carrying the ?rst voltage from the ?rst 
voltage generating circuit to the source terminal of the 
pull-up transistor; 

a second voltage generating circuit generating a second 
voltage that is applied to a gate terminal of the pull-up 
transistor and is higher than the ?rst voltage; 

a global Word line connecting the sectors in a lateral direc 
tion and carrying the second voltage from the second 
voltage generating circuit to the gate terminal of the 
pull-up transistor; 

a second decoder selecting and driving the global Word 
line; and 

a third decoder selecting and driving the vertical Word line. 
2. The nonvolatile semiconductor memory device as 

claimed in claim 1, further comprising a sWitch circuit selec 
tively connecting the ?rst voltage generating circuit to the 
third decoder. 

3. The nonvolatile semiconductor memory device as 
claimed in claim 1, further comprising a sWitch circuit selec 
tively connecting the second voltage generating circuit to the 
second decoder. 

4. The nonvolatile semiconductor memory device as 
claimed in claim 1, Wherein the ?rst voltage generating circuit 
comprises a ?rst reading boost circuit generating a ?rst read 
ing voltage used during reading and a ?rst Writing boost 
circuit generating a ?rst Writing voltage used during Writing. 

5. The nonvolatile semiconductor memory device as 
claimed in claim 1, Wherein the second voltage generating 
circuit generates a gate voltage applied to a select transistor 
provided on a drain side of the memory cells. 

6. The nonvolatile semiconductor memory device as 
claimed in claim 1, Wherein the second voltage generating 
circuit generates the second voltage at a same time as the ?rst 
voltage generating circuit generates the ?rst voltage. 

7. A method for controlling a nonvolatile semiconductor 
memory device comprising the steps of: 

generating, by a ?rst voltage generating circuit, a ?rst 
voltage applied to a source terminal of a pull-up transis 
tor selecting and driving a Word line connected to non 
volatile memory cells, Wherein the ?rst voltage generat 
ing circuit generates a ?rst reading voltage foruse during 
reading and generates a ?rst Writing voltage for use 
during Writing; and 

generating, by a second voltage generating circuit, a sec 
ond voltage that is applied to a gate terminal of the 
pull-up transistor and is higher than the ?rst voltage. 
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8. The method as claimed in claim 7, wherein the step of 
generating the second voltage comprises the step of generat 
ing a second reading voltage for use during reading and 
generating a second Writing voltage for use during Writing. 

9. The method as claimed in claim 7, Wherein the step of 
generating the second voltage generates the second voltage at 
a same time as the ?rst voltage is generated. 

10. The nonvolatile semiconductor memory device as 
claimed in claim 1, Wherein the second voltage generating 
circuit comprises a reading boost circuit generating a reading 
voltage used during reading and a Writing boost circuit gen 
erating a Writing voltage used during Writing. 

11. The nonvolatile semiconductor memory device as 
claimed in claim 4, Wherein the second voltage generating 
circuit comprises a second reading boost circuit generating a 
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second reading voltage used during reading and a second 
Writing boost circuit generating a second Writing voltage used 
during Writing. 

12. A method for controlling a nonvolatile semiconductor 
memory device comprising the steps of: 

generating, by a ?rst voltage generating circuit, a ?rst 
voltage applied to a source terminal of a pull-up transis 
tor selecting and driving a Word line connected to non 
volatile memory cells; and 

generating, by a second voltage generating circuit, a sec 
ond voltage that is applied to a gate terminal of the 
pull-up transistor and is higher than the ?rst voltage, 
Wherein the second voltage generating circuit generates 
a reading voltage for use during reading and generates a 
Writing voltage for use during Writing. 

* * * * * 


